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Abstract Oviposition characteristics and other reproductive aspects of Eurema blanda were 
compared with FE. hecaba. Although these two species are closely related, the reproductive 
particularities were different from each other. In the field, E. blanda eggs were found in 
clusters consisting of 25 to 85 eggs, while E. hecabe eggs were found singly on host plants. The 
dissection of wild females showed that E. blanda were carrying much more eggs than £E. 
hecabe. Laboratory experiments showed that E. blanda deposited much more eggs per female 
and per oviposition-day than E. hecabe and that oviposition-day interval was longer in E. 
blanda than in E. hecabe. Video-tape analyses confirmed that E. blanda females consecutively 
continued to lay eggs in clusters without intervening flights. The dissection of virgin females 
also showed that the ovarian maturation was different between the two species: the produc- 
tion of mature eggs in ovaries occurred more slowly but the eggs were much more in E. blanda 
than in E. hecabe. 
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Introduction 


In related species of butterflies using the same or similar host-plants, some species deposit 
eggs in clusters while others lay eggs singly. Various ideas or hypotheses have been 
presented for the evolution of the cluster-laying in butterflies (Courtney, 1984; Jones, 1991 ; 
Stamp, 1980). For example, cluster-laying may have evolved when there is not enough 
time for host search due to patchy occurrence of host-plants or bad weather, bacause 
females must spend much time to search them. 


The relationships between cluster-laying and larval aposematism or larval cooperation for 
feeding (and growth) were also discussed by many workers (Stamp, 1980 ; Courtney, 1984 ; 
Chew and Robbins, 1984), and it has been concluded that the evolution of some traits 
associated with larval grouping is a result of the cluster-laying, but not its cause. 


Eurema blanda (Boisduval) is widely distributed from tropical to subtropical Southeast 
Asia. In Japan, the subspecies arsakia (Fruhstorfer) occurs and the larvae eat several 
subtropical legume plants (Tanaka, 1975). Females of this species lay eggs in clusters and 
the larvae whose head is black are gregarious till pupation. By contrast, in most of 
Eurema species including E. hecabe, females lay eggs singly. The larvae have a green head 
and are solitary. Thus, it is very interesting why egg clustering and larval aggregation 
may have evolved in E. blanda but not in other Eurema species. 


In the present study, oviposition characteristics of £. blanda were investigated in compari- 
son with E. hecabe to get information about the adaptive significance of the cluster-laying 
and about the physiological and behavioral mechanisms underlying the cluster-laying. 
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Materials and Methods 


Field Observation 


Field observations and collection were carried out in November 1990 and June 1991 in 
Ishigaki and Iriomote Islands, Okinawa Prefecture, Japan. Oviposition behavior and other 
related events were observed in E. blanda and E. hecabe. 


Females of each species were caught and brought to the laboratory to determine the 
number of mature eggs carried. Their abdomens were cut off with a razor blade, and then 
fixed in 70-80% ethanol solution. Number of the eggs in ovaries was examined. Fore- 
wing length of the females caught was also measured with a calibrator. 


Insect rearing 


Eggs of E. blanda were obtained from wild females caugth in the field or from their 
offspring. The larvae were reared on an artificial diet containing leaf powder of Albizzia 
julibrissin (Kato, 1993; Kato and Sakakura, 1994) till pupation. The larvae, pupae and 
adults were kept under 16L-8D at 25°C. After eclosion, adults were sexed and put individu- 
ally into plastic cups (¢11cmX6cm in depth), in which a cotton ball soaked with 10% 
sucrose solution was placed together. 


Larvae of E. hecabe (Ishigaki population) were also reared with fresh cuttings of Ormocar- 
pum cochinchinense under 16L-8D at 25°C, and the adults were manipulated as well. 


Examination of oviposition pattern 


To obtain mated females, 2- to 6-day-old females of E. blanda were placed in a field cage 
(90 cm x 120 cm x 150 cm) together with 3 (or more)-day-old males. Mated females were 
put individually into a plastic cup (611 cm X12 cm in depth) with a fresh cutting of Cassia 
surattensis and illuminated from 8:00 to 16:00 under 30W fluorescent tubes in the air- 
conditioned room (25°C). During the illumination, temperature rose to about 28°C. The 
day of oviposition was recorded and the number of eggs deposited was counted from the 
photographs of the clusters. The data on the females which died at early time or laid only 
a few eggs were removed. Oviposition pattern of E. hecabe was also examined in the 
similar manner. 


Observation of egg-depositon sequence 


Several ovipositing females of E. blanda were monitored with an 8 mm video-camera (Hi8, 
Sony Ltd.) in the laboratory, and then the timing of egg deposition was analyzed from the 
video-tapes. 


Examination of egg maturation in ovaries 


From virgin females (た. blanda and E. hecabe) of different ages (1 to 11 days after eclosion), 
their abdomens were cut off and stored in 70% ethanol. After dissection, completely 
mature eggs with a hard chorion were counted. 
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B E. blanda (N=27: mean=25.0) 
O E. hecabe (N=35: mean=9.7) 





(B) 


E. blanda (N=65: mean=34.8) 
O E. hecabe (N=28: mean=9.7) 
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Fig.1. The number of mature eggs carried by wild females of Eurema blanda and E. 
hecabe collected in November of 1990 (A) and June of 1991 (B). Numerals in 
parentheses are sample sizes and means. 


Results 


Oviposition behavior and egg-cluster size in the field 


Females of E. blanda were seen to search the proper oviposition-site around at a top of the 
host plants (Caesalpinia globulorum) for a long time. The plants occurred in patchy 
fashion in the habitat. Their veins were climbing up and spread their leaves on other 
trees. When the females landed on a proper young leaf and started to oviposit, they 
continued to deposit many eggs in a cluster for about one hour or more without an 
intervening flight. 
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Table 1. Oviposition characteristics of Eurema blanda and E. hecabe in the laboratory condi- 
tion. 








Duration (days) from 


No. of No. of eggs per No. of oviposition- No. of eggs per tt owi positonsdas 


Species 








females female day per female oviposition-day to last óne 

E. blanda 23 346.4+218.5 4.3 土 2.3 55.0 土 29.3 7.4 土 3.1 
(62-527) (2- 9) (1-145) (2-14) 

E. hecabe 5 138.24 34.0 11.0 土 2.3 12.9 土 3.5 124262.5 
(98-179) (8-13) (1- 67) (9-16) 


Values are mean+SD (minimum-maximum). 


Twelve clusters were collected in the field, and their egg-number ranged between 20 and 
132 with the mean 71.8. 


On the other hand, in E. hecabe, females were flying around and often landed on the host 
plants (O. cochinchinense). Eggs were laid singly on the host-plant leaves with intervening 
flights. 


Number of the mature eggs carried by wild females 


In E. blanda, 92 females (27 ones in 1990 and 65 in 1991) were dissected to determine the 
number of mature eggs carried. The results are shown in Fig.1. The mean number per 
female was about 25-34, and the range was from 0 to 140-150. 


In E. hecabe, 63 females (35 ones in 1990 and 28 in 1991) were examined. The mean number 
of the eggs was about 10 with the range from 0 to 20-21. 


The forewing length was about 24-25 mm in E. blanda and about 22-23 mm in E. hecabe. 
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B E. blanda (N=23: mean=2.2) 
80 O E. hecabe (N=5: mean=1.4) 
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40 


% of cases 


20 





Oviposition-day interval (days) 


Fig. 2. Oviposition-day intervals in the females of Eurema blanda and E. hecabe under the 
laboratory condition. Numerals in parentheses are sample sizes and means. 
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Table 2. Timing of egg-deposition in six females of Eurema blanda. 














Interval (sec) 








No. of eggs No. of deposition 
es laid recorded mean median range 
no. 1 72 26th-72th 19.2 17 9- 76 
no. 2 37 16th-37th 47.6 24 7-256 
no. 3 59 41th-59th 26.9 24 17- 58 
no. 4 89 81th-89th 28.6 19 13- 78 
no. 5 93 86th-93th 36.4 24 18-108 
no. 6 73 66th-73th 22.8 22 11- 35 


Characteristics of egg deposition in the laboratory 


As shown in Table 1, in E. blanda, egg number per female was about 2.5 times as many as 
in E. hecabe, but the number of oviposition-day during its life was smaller and the duration 
of oviposition shorter. Therefore, egg number per oviposition-day was much more in £. 
blanda than in E. hecabe. 


Fig. 2 shows the frequency distribution of the oviposition-day intervals in the two species. 
In E. blanda, the interval ranged from 1 to 6 days with the mean 2.2. By contrast, in Æ. 
hecabe, the interval mostly was 1 day with the mean 1.4. 


Table 2 shows the timing of egg deposition in six females of E. blanda. In all cases, the 
recording was not done from the initial deposition of eggs because of technical reasons. 
During recording, however, all females consecutively deposited eggs without intervening 
fligths, and formed an egg-cluster. The mean value of deposition intervals ranged from 19 
to 47 sec. Although the deposition pace varied among individuals, it tended to be slowed 
toward the end of egg deposition. 
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Fig. 3. Changes in the ratio of females with mature eggs after adult eclosion in Eurema 
blanda and E. hecabe. Sample sizes are shown in Fig. 4. 
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Fig. 4. Frequency distribution of mature egg number in female Eurema blanda and E. 
hecabe of various ages after adult eclosion. Numerals in parentheses are sample 
sizes and means. 


Development of mature eggs in ovaries 


In E. blanda, females with mature eggs appeared on day 5, and then their ratio gradually 
increased and reached about 90% on day 9 (Fig. 3). By contrast, a few females of £. hecabe 
developed mature eggs on day 3. Then the ratio of females with mature eggs rapidly 
increased, and reached 100% on day 5. 


Fig.4 shows the frequency distribution of mature egg number in the two species. 
Although E. blanda took more time to develop their eggs than E. hecabe, the mature eggs 
produced were much more in the former than in the latter. During day 9 to 11, egg number 
ranged about from 0 to 110 with the mean 49-50 in E. blanda, whereas in E. hecabe it ranged 
about from 10 to 20 with the mean 8-10. 
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Discussion 


In the field, wild females of E. blanda carried much more eggs than those of E. hecabe 
although the former was a little larger than the latter in wing size. The present experi- 
ments also show that females of E. blanda produce much more eggs during development, 
and lay much more eggs during shorter period of oviposition than those of E. hecabe. 
These support the hypothesis that the cluster-laying may have evolved for the increase of 
fecundity in response to a shortage of host search time (Courtney, 1984). 


In the laboratory experiments, females of E. blanda mostly deposited their eggs at an 
interval of 2 days or more, and number of the eggs per oviposition-day was large in 
contrast to E. hecabe, which deposited a small number of eggs singly almost everyday. 
Thus, E. blanda seems to have an endogenous mechanism by which mature eggs produced 
in ovaries are accumulated for some time without daily release. This property may be 
advantageous if females have no chance to oviposit due to some conditions such as a bad 
weather or scattered host-occurrence (Stamp, 1980). 


In E. blanda, the number of eggs produced in ovaries became very large during the 
observation period while in E. hecabe the number of the eggs was small and maintained at 
low level. In E. hecabe as well as other lepidopteran insects, it was reported that juvenile 
hormone analogue stimulated the production of matured eggs (Hiroki et al., 1992). From 
these, it is inferred that the way of hormonal regulation of egg production may be different 
between the two species. In E. hecabe, for example, there may exist an inhibitory feed- 
back mechanism by which excessive production of eggs is suppressed when many mature 
eggs to be deposited are present in ovarioles, while in E. blanda such feedback mechanism 
may be absent or act weakly and many mature eggs are stored there. 


The present video-recordings confirmed that females of E. blanda deposit their eggs 
successively without intervening flights to form a cluster unlike those of E. hecabe. From 
physiological or behavioral viewpoints, it is an interesting problem to investigate how a 
difference in ovipositional pattern between the two species occurs. 
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摘 2 
PATYXF a OREI (加藤 義 臣 ・ 西 田 直子 ) 


タイ ワン キチ ョ ウッ の 卵 塊 産 卵 お よび その 他 の 繁殖 特性 を , キチ ョ ウ と 比較 し な が ら 調 査 し た と ころ , M 
種 は 近 縁 関係 に ある も の の , 互い に 異な っ て いた . フィ ー ル ド 調 査 に お いて , タイ ワン キチ ョ ウ の 卵 は 
約 25-80 個 の 卵 塊状 で み ら れ た が , キ チョ ツウ の 卵 は 1 個 ず つ 産 み 付 けら れ て いた . 野外 で 採集 し た 雌 成 
虫 を 解剖 し た と ころ 。, 保有 成熟 卵 数 は キチ ョ ウ よ り も タイ ワン キチ ョ ツウ の 方 が ずっ と 多かっ た . BNF 
験 に お いて も , タイ ワン キチ ョ ウ の 雌 当 た りお よび 産卵 日 当たり の 産 下 卵 数 は キチ ョ ウ の それ より も 
ずっ と 多かっ た . また 。 キ チョ ウ は ほとん ど 毎 日 産卵 し た が ,。 タイ ワン キチ ョ ツウ は だ いた い ゆい 2-3 日 ご と 
に 産卵 し た . ビデ オカ メラ に よる 解析 に より , タイ ワン キチ ョ ウ は いっ た ん 産卵 を 開始 する と , INS 
続 的 に 産み 付け ,。 キ チョ ウ に み ら れ る よう に , 産 卵 と 産卵 の 間 に 飛 翔 行動 を と ら な いこ と が 確認 され た . 
最後 に , 羽化 後 種々 の 日 齢 の 雌 (処女 ) を 解剖 し た と ころ , キチ ョ ウ と は 対照 的 に 。 タイ ワン キチ ョ ウ 
に お いて は 成熟 卵 の 形成 が 遅かっ た が , 成熟 卵 数 は ずっ と 多かっ た . これ ら の 結果 か ら , タ イワ ン キ チョ 
ウ の 卵 塊 産卵 の 意義 と 生理 を 議論 し た . 
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